The objective of this study was to investigate the prognostic significance of the ambulatory blood pressure (BP) during night and day and of the night-to-day BP ratio (NDR). We studied 7458 participants (mean age 56.8 years; 45.8% women) enrolled in the International Database on Ambulatory BP in relation to Cardiovascular Outcome. Using Cox models, we calculated hazard ratios (HR) adjusted for cohort and cardiovascular risk factors. Over 9.6 years (median), 983 deaths and 943 cardiovascular events occurred. Nighttime BP predicted mortality outcomes (HR, 1.18-1.24; P < 0.01) independent of daytime BP. Conversely, daytime systolic (HR, 0.84; P < 0.01) and diastolic BP (HR, 0.88; P < 0.05) predicted only noncardiovascular mortality after adjustment for nighttime BP. Both daytime BP and nighttime BP consistently predicted all cardiovascular events (HR, 1.11-1.33; P < 0.05) and stroke (HR, 1.21-1.47; P < 0.01). Daytime BP lost its prognostic significance for cardiovascular events in patients on antihypertensive treatment. Adjusted for the 24-h BP, NDR predicted mortality (P < 0.05), but not fatal combined with nonfatal events. Participants with systolic NDR of at least 1 compared with participants with normal NDR ( Z 0.80 to < 0.90) were older, at higher risk of death, but died at higher age. The predictive accuracy of the daytime and nighttime BP and the NDR depended on the disease outcome under study. The increased mortality in patients with higher NDR probably indicates reverse causality. Our findings support recording the ambulatory BP during the whole day.
Introduction
Numerous studies in populations and hypertensive patients have demonstrated that the 24-h ambulatory blood pressure (BP) carries more prognostic information in relation to cardiovascular outcomes than the office BP [1] . However, even in the presence of this evidence and the technical improvement over the past decades in the monitoring devices, most patients do not easily accept a BP recording over the whole day, and particularly at night. Clinicians are faced with deciding to what extent we need 24-h BP recording and whether the BP during specific periods, such as daytime or nighttime, has independent prognostic value. Outcomes from previous studies have usually shown that an elevated nocturnal BP is a harbinger of an unfavorable outcome [2] [3] [4] . However, the interpretation of these studies is often difficult, because of restriction of follow-up to mortality, the confounding effects of antihypertensive drug treatment, and/or the use of different diagnostic thresholds for the night-to-day BP ratio (NDR). The purpose of this paper is to summarize our recent findings [5] on the prognostic accuracy of daytime versus nighttime BP and the NDR in 7458 participants enrolled in prospective population studies in Denmark [2] , Belgium [6] , Japan [3] , Sweden [4] , Uruguay [7] , and China [8] .
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Methods
We constructed the International Database on Ambulatory BP Monitoring in relation to Cardiovascular Outcomes according to the previously published protocol [9] . The same SAS macro processed all ambulatory recordings. We defined daytime as the interval ranging from 10.00 to 20.00 h in Europeans [2, 6] and South Americans [7] and from 08.00 to 18.00 h in Asians [3, 8] . The corresponding nighttime intervals ranged from midnight to 06.00 h and from 22.00 to 04.00 h, respectively. Normal dipping was NDR ranging from less than 0.90 to 0.80 inclusive. We labeled the other categories of dipping status as extreme ( < 0.80), decreased (from Z 0.90 to < 1.00) and reverse ( > 1.00). Vital status and incidence of fatal and nonfatal diseases were ascertained from the appropriate sources in each country, as described in detail in previous publications [2] [3] [4] 10] . For database management and statistical analysis, we used SAS software, version 9.1.3 (SAS Institute, Cary, North Carolina, USA).
Results
Baseline characteristics
The 7458 participants included 3416 women (45.8%) and 3436 patients with hypertension on conventional BP measurement (46.1%), of whom 1637 (47.6%) patients were taking BP-lowering drugs. Mean (SD) age was 56.8 (13.9) years. The median follow-up was 9.6 years (5th-95th percentile interval, 2.5-13.7 years). During the follow-up, 983 participants died (14.1 per 1000 personyears) and 943 experienced a fatal or nonfatal cardiovascular complication (13.6 per 1000 person-years). Mortality included 387 cardiovascular and 560 noncardiovascular deaths and 36 deaths from unknown cause.
Risk associated with daytime and nighttime blood pressure
After adjustment for cohort, sex, age, body mass index, smoking and drinking habits, serum total cholesterol, history of cardiovascular disease, diabetes mellitus, and antihypertensive drug treatment, nighttime BP predicted all mortality outcomes [hazard ratio (HR), 1.09-1.29; P < 0.05], whereas daytime BP predicted total and cardiovascular mortality (HR, 1.09-1.29; P < 0.05), but not death from noncardiovascular causes (HR, 0.96-0.97; P > 0.31). When additionally adjusted for daytime BP, the nighttime BP remained a significant predictor of all mortality outcomes (Table 1) . In contrast, in the presence of nighttime BP, the daytime BP lost significance for total and cardiovascular mortality, but became significant for noncardiovascular mortality, higher levels being associated with lower relative risk ( Table 1) .
With adjustments applied for cohort and risk factors, the daytime and nighttime systolic and diastolic BPs consistently predicted all cardiovascular events (HR, 1.25-1.33; P < 0.0001) and fatal and nonfatal stroke (HR, 1.39-1.47; P < 0.0001). When additionally adjusted for nighttime BP, the systolic daytime BP lost its prognostic significance for cardiac events, whereas the diastolic daytime BP became nonsignificant for cardiac and coronary events (Table 1) . Conversely, in the presence of the daytime BP, the systolic and diastolic nighttime levels no longer predicted coronary events.
Addition of the interaction terms between treatment status and the daytime and nighttime BPs to the models considerably improved the fit (log likelihood ratio test; P < 0.0001). Nighttime systolic BP remained as the significant predictor (P < 0.05) for total mortality and cardiovascular events irrespective of treatment status. However, daytime systolic BP predicted cardiovascular events only in untreated participants (HR, 1.30; P < 0.0001), but not in treated patients (HR, 1.01; P = 0.87).
Risk associated with night-to-day BP ratio
In continuous analyses, the systolic and diastolic NDR significantly predicted total, noncardiovascular and cardiovascular mortality (HR, 1.13-1.16; P < 0.01) in models adjusted for cohort and risk factors. This was also the case when additionally adjusted for 24 h BP (Table 1 ). In Table 1 Adjusted standardized hazard ratios for daytime and nighttime blood pressure and systolic night-to-day ratio Values are standardized hazard ratios (95% confidence intervals), which express the risk per SD increase in the blood-pressure variables. Systolic/diastolic SDs were 15.52/9.33 mmHg and 15.53/9.25 mmHg for the day and night blood pressures, respectively, and 0.08/0.09 for the night-to-day blood pressure ratio. All hazard ratios were adjusted for cohort, sex, age, body mass index, smoking and drinking, serum cholesterol, history of cardiovascular disease, diabetes mellitus, and antihypertensive drug treatment. The daytime blood pressure was additionally adjusted for the nighttime blood pressure (and vice versa), and the night-to-day ratio was additionally adjusted for the 24-h blood pressure. Significance of the hazard ratios: *P < 0.05, w P < 0.01, z P < 0.001, and } P < 0.0001.
contrast to mortality, the systolic and diastolic NDR did not behave as consistent predictors of fatal combined with nonfatal events. In fully adjusted models, the systolic NDR was nonsignificant for all combined fatal and nonfatal outcomes under study. The diastolic NDR was only a significant predictor of all cardiovascular outcomes, but not of other combined fatal and nonfatal events (Table 1) .
In categorical analyses, with adjustments applied for cohort, cardiovascular risk factors and the 24 h BP, reversed dipping were associated with increased risk of death from any cause (HR, 1.56; P < 0.0001) and the composite of all fatal and nonfatal cardiovascular complications (HR, 1.30; P < 0.05). Compared with participants with a normal NDR, reverse dippers were not only older (55.2 vs. 62.9 years; P < 0.0001) at enrollment, but also died at a higher age (74.1 vs. 78.2 years; P < 0.0001). Both cardiovascular (75.9 vs. 78.9 years; P = 0.002) and noncardiovascular (73.6 vs. 77.5 years; P = 0.001) mortality contributed to the latter observation.
Conclusion
In this study of a large cohort, the predictive accuracy of the daytime and nighttime BPs and the NDR depended on the disease outcome under study. The increased mortality in patients with higher NDR probably indicates reverse causality. Our findings support, therefore, recording the ambulatory BP during the whole day in clinical practice.
